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(57) ABSTRACT

An electric power tool includes an electric motor (AC
motor), an impact mechanism, an impact detecting unit, and
a measuring unit. The impact mechanism performs an
impact operation that generates impacting force by receiving
motive power from the electric motor. The impact detecting
unit determines whether or not the impact operation is being
performed. The measuring unit measures at least one of a
d-axis current or a g-axis current, each of which is supplied
to the electric motor. The impact detecting unit determines,
based on at least one of a measured value (current measured
value) of the d-axis current or a measured value (current
measured value) of the g-axis current, whether or not the
impact operation is being performed. The measured values
(current measured values) of the d-axis current and the
g-axis current have been obtained by the measuring unit.
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FIG. 6
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FIG. 7
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1
ELECTRIC POWER TOOL

CROSS-REFERENCE OF RELATED
APPLICATIONS

This application is the U.S. National Phase under 35
U.S.C. § 371 of International Patent Application No. PCT/
JP2020/003301, filed on Jan. 30, 2020, which in turn claims
the benefit of Japanese Application No. 2019-083352, filed
on Apr. 24, 2019, the entire disclosures of which Applica-
tions are incorporated by reference herein.

TECHNICAL FIELD

The present disclosure generally relates to an electric
power tool, and more particularly relates to an electric power
tool including an impact mechanism.

BACKGROUND ART

Patent Literature 1 discloses an electric power tool includ-
ing an electric motor, an impact mechanism, and a control
means. The electric motor is driven by performing PWM
control on a semiconductor switching element. The impact
mechanism either strikes or rotates an anvil with a hammer
turned by the electric motor. The control means controls the
rotation of the electric motor. Also, when the anvil is struck
by the impact mechanism multiple times on end, the control
means drives the electric motor with a duty cycle changed
from a high value into a low value.

CITATION LIST
Patent Literature
Patent Literature 1: WO 2014/162862 Al

SUMMARY OF INVENTION

An object of the present disclosure is to provide an
electric power tool including a novel means for determining
whether or not the impact mechanism is performing any
impact operation.

An electric power tool according to an aspect of the
present disclosure includes an electric motor, an impact
mechanism, an impact detecting unit, and a measuring unit.
The impact mechanism performs an impact operation that
generates impacting force by receiving motive power from
the electric motor. The impact detecting unit determines
whether or not the impact operation is being performed. The
measuring unit measures at least one of a d-axis current or
a g-axis current, each of which is supplied to the electric
motor. The impact detecting unit determines, based on at
least one of a measured value of the d-axis current or a
measured value of the g-axis current, whether or not the
impact operation is being performed. The measured value of
the d-axis current and the measured value of the g-axis
current have been obtained by the measuring unit.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of an electric power tool
according to an exemplary embodiment;

FIG. 2 is a schematic representation of the electric power
tool;

FIG. 3 is a block diagram of a main part of the electric
power tool;
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FIG. 4 is a graph showing a first exemplary operation of
the electric power tool;

FIG. 5 is a graph showing a second exemplary operation
of the electric power tool;

FIG. 6 is a graph showing a third exemplary operation of
the electric power tool;

FIG. 7 is a graph showing a fourth exemplary operation
of the electric power tool;

FIG. 8A is a graph showing a measured value of an output
current of an inverter circuit section in the electric power
tool;

FIG. 8B is a graph showing a measured value of the
output current of the inverter circuit section in the electric
power tool; and

FIG. 9 is a graph showing an exemplary operation of an
electric power tool according to a first variation.

DESCRIPTION OF EMBODIMENTS

Embodiments of an electric power tool 1 will now be
described in detail with reference to the accompanying
drawings. Note that the embodiment to be described below
is only an exemplary one of various embodiments of the
present disclosure and should not be construed as limiting.
Rather, the exemplary embodiment may be readily modified
in various manners depending on a design choice or any
other factor without departing from the scope of the present
disclosure. Also, FIG. 2 to be referred to in the following
description of embodiments is a schematic representation.
That is to say, the ratio of the dimensions (including thick-
nesses) of respective constituent elements illustrated in FIG.
2 does not always reflect their actual dimensional ratio.

(1) Overview

An electric power tool 1 according to an exemplary
embodiment may be used as, for example, an impact screw-
driver or an impact wrench. The electric power tool 1
includes an AC motor 15 (electric motor), an impact mecha-
nism 17, and a control unit 4 as shown in FIGS. 1 and 2. The
AC motor 15 may be a brushless motor, for example. In
particular, the AC motor 15 according to this embodiment is
a synchronous motor. More specifically, the AC motor 15
may be implemented as a permanent magnet synchronous
motor (PMSM). The impact mechanism 17 performs an
impact operation that generates impacting force by receiving
motive power from the AC motor 15. The control unit 4
performs feedback control on the operation of the AC motor
15. The control unit 4 includes an impact detecting unit 49.
The impact detecting unit 49 determines whether or not the
impact mechanism 17 is performing any impact operation.

In the following description, a period before the impact
mechanism 17 starts the impact operation will be hereinafter
referred to as a “preceding period” and a period after the
impact detecting unit 49 has detected that the impact mecha-
nism 17 has started the impact operation will be hereinafter
referred to as a “following period.” In the following period,
the control unit 4 changes the target parameters in the
preceding period into different target parameters. The target
parameters include a control gain of the feedback control to
be performed by the control unit 4. That is to say, when the
impact detecting unit 49 detects the start of the impact
operation, the control unit 4 changes the control gain of the
feedback control. This allows controlling the AC motor 15
more precisely, compared to a situation where the control
gain in the preceding period is equal to the control gain in
the following period. In this embodiment, the control unit 4
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may perform PI control, for example, and therefore, the
control gain includes a proportional gain and an integral
gain. The control unit 4 according to this embodiment makes
the proportional gain in the following period different from
the proportional gain in the preceding period and/or makes
the integral gain in the following period different from the
integral gain in the preceding period.

Note that the control gains to be changed by the control
unit 4 when a transition is made from the preceding period
to the following period are not limited to the proportional
gain and the integral gain. If the control unit 4 performs PD
control or PID control, then the control gains include a
differential gain. The control unit 4 may change at least one
of the proportional gain, the integral gain, or the differential
gain when a transition is made from the preceding period to
the following period.

The AC motor 15 includes a rotor having a permanent
magnet and a stator having a coil. The control unit 4
performs vector control for controlling a flux-weakening
current (d-axis current) supplied to the AC motor 15 and a
torque current (q-axis current) supplied to the AC motor 15
independently of each other. As used herein, the “flux-
weakening current” refers to a current that generates, in the
coil, a magnetic flux that weakens the magnetic flux of the
permanent magnet (weakening flux). In other words, the
flux-weakening current is a current that generates, in the
coil, a magnetic flux, of which the direction is opposite from
the direction of the magnetic flux of the permanent magnet.

The electric power tool 1 further includes the AC motor
15 (electric motor), the impact mechanism 17, the impact
detecting unit 49, and a measuring unit 60. The measuring
unit 60 measures at least one of the d-axis current or g-axis
current, each of which is supplied to the AC motor 15. In this
embodiment, the measuring unit 60 measures both the d-axis
current and the g-axis current. The impact detecting unit 49
determines, based on at least one of a measured value
(current measured value id1) of the d-axis current or a
measured value (current measured value iql) of the g-axis
current, whether or not the impact mechanism 17 is per-
forming any impact operation. The measured value (current
measured value id1) of the d-axis current and the measured
value (current measured value iq1) of the g-axis current have
been obtained by the measuring unit 60. This allows deter-
mining, even without using the measured value of an output
current of a power supply 32 of the electric power tool 1, for
example, whether or not the impact operation is being
performed.

As used herein, the phrase “based on at least one of a
measured value (current measured value idl) of the d-axis
current or a measured value (current measured value iql) of
the g-axis current, each of which has been obtained by the
measuring unit 60 has the following meaning. Specifically,
if the measuring unit 60 obtains only the current measured
value id1 out of the current measured values idl, iql, this
phrase means “based on the current measured value idl
obtained by the measuring unit 60.” On the other hand, if the
measuring unit 60 obtains only the current measured value
iq1 out of the current measured values id1, iql, this phrase
means “based on the current measured value iq1 obtained by
the measuring unit 60.” Furthermore, if the measuring unit
60 obtains both the current measured values id1, iql, this
phrase means “based on only the current measured value id1
obtained by the measuring unit 60, based on only the current
measured value iql, or based on both the current measured
values id1, iql.”

(2) Electric Power Tool

The electric power tool 1 includes the AC motor 15, a
power supply 32, a driving force transmission mechanism
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18, the impact mechanism 17, a socket 23, a trigger volume
29, the control unit 4, a torque measuring unit 26, a bit
rotation measuring unit 25, and a motor rotation measuring
unit 27 as shown in FIG. 2. In addition, the electric power
tool 1 further includes a tip tool.

The impact mechanism 17 has an output shaft 21. The
output shaft 21 is a member to rotate with the driving force
transmitted from the AC motor 15. The socket 23 is a
member, which is fixed to the output shaft 21 and to which
the tip tool is attached removably. The electric power tool 1
is a tool for driving the tip tool with the driving force
supplied from the AC motor 15. The tip tool (hereinafter also
referred to as a “bit”) may be a screwdriver or a drill, for
example. A tip tool is selected from various types of tip tools
according to the intended use and attached to the socket 23
to have some type of machining work done. Optionally, the
tip tool may be directly attached to the output shaft 21.

The AC motor 15 is a drive source for driving the tip tool.
The AC motor 15 includes an output shaft 16 for outputting
rotational driving force. The power supply 32 is an AC
power supply for supplying a current for driving the AC
motor 15. The power supply 32 includes a single or a
plurality of secondary batteries. The driving force transmis-
sion mechanism 18 regulates the rotational driving force of
the AC motor 15 and outputs a desired torque. The driving
force transmission mechanism 18 includes a drive shaft 22
as its output member.

The drive shaft 22 of the driving force transmission
mechanism 18 is connected to the impact mechanism 17.
The impact mechanism 17 transforms the rotational driving
force supplied from the AC motor 15 via the driving force
transmission mechanism 18 into a pulsed torque, thereby
generating impacting force. The impact mechanism 17
includes a hammer 19, an anvil 20, an output shaft 21, and
a spring 24. The hammer 19 is attached to the drive shaft 22
of the driving force transmission mechanism 18 via a cam
mechanism. The anvil 20 is coupled to the hammer 19 and
rotates along with the hammer 19. The spring 24 biases the
hammer 19 toward the anvil 20. The anvil 20 is formed
integrally with the output shaft 21. Alternatively, the anvil
20 may be formed separately from the output shaft 21 and
fixed to the output shaft 21.

Unless a load (torque), of which the magnitude is equal to
or greater than a predetermined value, is applied to the
output shaft 21, the drive shaft 22 and the hammer 19 which
are coupled together via the cam mechanism turn along with
each other and the hammer 19 and the anvil 20 also turn
along with each other. Thus, the output shaft 21 formed
integrally with the anvil 20 turns accordingly. On the other
hand, if a load, of which the magnitude is equal to or greater
than the predetermined value, is applied to the output shaft
21, then the hammer 19 moves backward (i.e., moves away
from the anvil 20) against the spring 24 while being regu-
lated by the cam mechanism. At a point in time when the
hammer 19 is decoupled from the anvil 20, the hammer 19
starts moving forward while turning, thus applying impact-
ing force to the anvil 20 in the rotational direction and
thereby turning the output shaft 21. In this manner, the
impact mechanism 17 performs an impact operation of
repeatedly bringing the hammer 19 and the anvil 20 into
collision with each other, thereby repeatedly applying
impacting force from the hammer 19 to the output shaft 21
via the anvil 20.

The trigger volume 29 is an operating member for accept-
ing an operating command for controlling the rotation of the
AC motor 15. The ON/OFF states of the AC motor 15 may
be switched by pulling the trigger volume 29. In addition,
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the rotational velocity of the output shaft 21, ie., the
rotational velocity of the AC motor 15, is adjustable by the
manipulative variable indicating how deep the trigger vol-
ume 29 has been pulled. Specifically, the greater the manipu-
lative variable is, the higher the rotational velocity of the AC
motor 15 becomes. The control unit 4 start or stops turning
the AC motor 15 and controls the rotational velocity of the
AC motor 15 according to the manipulative variable indi-
cating how deep the trigger volume 29 has been pulled. In
this electric power tool 1, the tip tool is attached to the socket
23. Controlling the rotational velocity of the AC motor 15 by
operating the trigger volume 29 allows the rotational veloc-
ity of the tip tool to be controlled.

The electric power tool 1 according to this embodiment
includes the socket 23, thus making the tip tool replaceable
depending on the intended use. However, the tip tool does
not have to be replaceable. Alternatively, the electric power
tool 1 may also be designed to allow the use of only a
particular type of tip tool.

The torque measuring unit 26 measures the operating
torque of the AC motor 15. The torque measuring unit 26
may be a magnetostriction strain sensor which may detect
torsion strain, for example. The magnetostriction strain
sensor makes a coil, provided in a non-rotating portion of the
AC motor 15, detect a variation in permeability correspond-
ing to the strain caused by the application of a torque to the
output shaft 16 of the AC motor 15 and outputs a voltage
signal, of which the magnitude is proportional to the mag-
nitude of the strain.

The bit rotation measuring unit 25 measures the rotational
angle of the output shaft 21. In this case, the rotational angle
of the output shaft 21 is equal to the rotational angle of the
tip tool (bit). As the bit rotation measuring unit 25, a
photoelectric encoder or a magnetic encoder may be
adopted, for example.

The motor rotation measuring unit 27 measures the rota-
tional angle of the AC motor 15. As the motor rotation
measuring unit 27, a photoelectric encoder or a magnetic
encoder may be adopted, for example.

(3) Control Unit

The control unit 4 includes a computer system including
one or more processors and a memory. At least some of the
functions of the control unit 4 are performed by making the
processor of the computer system execute a program stored
in the memory of the computer system. The program may be
stored in the memory. The program may also be downloaded
via a telecommunications line such as the Internet or dis-
tributed after having been stored in a non-transitory storage
medium such as a memory card.

As shown in FIG. 1, the control unit 4 includes a param-
eter specifying unit 41, a velocity control unit 42, a current
control unit 43, a first coordinate transformer 44, a second
coordinate transformer 45, a flux control unit 46, an esti-
mation unit 47, a step-out detection unit 48, and an impact
detecting unit 49. In addition, the electric power tool 1
further includes an inverter circuit section 51, a first setting
unit 52, a second setting unit 53, and a plurality of (e.g., two
in the example illustrated in FIG. 1) current sensors 61, 62.
The control unit 4 is used along with the inverter circuit
section 51 and performs feedback control to control the
operation of the AC motor 15.

Each of the plurality of current sensors 61, 62 includes,
for example, a hall element current sensor or a shunt resistor
element. The plurality of current sensors 61, 62 measure an
electric current supplied from the power supply 32 to the AC
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motor 15 via the inverter circuit section 51. In this embodi-
ment, three-phase currents (namely, a U-phase current, a
V-phase current, and a W-phase current) are supplied to the
AC motor 15. The plurality of current sensors 61, 62
measure currents in at least two phases. In FIG. 1, the current
sensor 61 measures the U-phase current and outputs a
current measured value i,1 and the current sensor 62 mea-
sures the V-phase current and outputs a current measured
value i,1.

The estimation unit 47 performs time differentiation on
the rotational angle 61, measured by the motor rotation
measuring unit 27, of the AC motor 15 to calculate an
angular velocity w1 of the AC motor 15 (i.e., the angular
velocity of the output shaft 16).

The second coordinate transformer 45 performs, based on
the rotational angle 61, measured by the motor rotation
measuring unit 27, of the AC motor 15, coordinate trans-
formation on the current measured values i,1, i,1 measured
by the plurality of current sensors 61, 62, thereby calculating
current measured values id1, iql. That is to say, the second
coordinate transformer 45 transforms the current measured
values 1,1, 1,1, corresponding to currents in two phases out
of'the currents in three phases, into a current measured value
id1 corresponding to a magnetic field component (d-axis
current) and a current measured value iql corresponding to
a torque component (q-axis current).

The measuring unit 60 includes the two current sensors
61, 62 and the second coordinate transformer 45. The
measuring unit 60 measures the d-axis current and the g-axis
current supplied to the AC motor 15. That is to say, the
currents in two phases measured by the two current sensors
61, 62 are transformed by the second coordinate transformer
45, thus obtaining measured values of the d-axis current and
the g-axis current.

The impact detecting unit 49 determines whether or not
the impact mechanism 17 is performing any impact opera-
tion. It will be described in detail later exactly how the
impact detecting unit 49 determines whether or not the
impact operation is being performed.

The parameter specifying unit 41 specifies parameters
concerned with the control of the AC motor 15. On receiving
an impact detection signal b1 from the impact detecting unit
49 that has detected that the impact mechanism 17 has
started the impact operation, the parameter specifying unit
41 changes at least some target parameters, out of the
parameters to be specified. The target parameters include at
least a control gain of the feedback control. In addition, the
target parameters also include upper and lower limit values
of'the command value (target value) of the velocity (angular
velocity) of the AC motor 15. The target parameters further
include the command value cwl of the angular velocity of
the AC motor 15.

The parameter specifying unit 41 determines the com-
mand value cw1 of the angular velocity of the AC motor 15.
The parameter specifying unit 41 may set the command
value cwl at, for example, a magnitude corresponding to the
manipulative variable indicating how deep the trigger vol-
ume 29 (see FIG. 2) has been pulled. That is to say, as the
manipulative variable increases, the parameter specifying
unit 41 increases the command value cwl of the angular
velocity accordingly. It will be described in detail later how
the parameter specifying unit 41 performs the processing of
specifying the control gain and the upper and lower limit
values of the command value of the velocity of the AC motor
15.

The timing when the impact detecting unit 49 supplies the
impact detection signal bl to the parameter specifying unit
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41 upon detecting that the impact mechanism 17 has started
the impact operation will be hereinafter referred to as an
“impact start timing.” The impact start timing is the timing
when the impact detecting unit 49 detects the impact opera-
tion for the first time since the AC motor 15 has started
turning. The preceding period includes a period just before
the impact start timing. The following period includes a
period right after the impact start timing.

The velocity control unit 42 generates a command value
ciql based on the difference between the command value
cwl generated by the parameter specifying unit 41 and the
angular velocity w1 calculated by the estimation unit47. The
command value ciql is a command value specifying the
magnitude of a torque current (g-axis current) of the AC
motor 15. The velocity control unit 42 determines the
command value ciql to reduce the difference (deviation)
between the command value cwl and the angular velocity
wl.

The flux control unit 46 generates a command value cidl
based on the angular velocity w1 calculated by the estima-
tion unit 47 and the current measured value iql (g-axis
current). The command value cidl is a command value that
specifies the magnitude of a flux-weakening current (d-axis
current) of the AC motor 15.

The command value cidl generated by the flux control
unit 46 may be, for example, a command value that reduces
the magnitude of a weakened flux to zero. The flux control
unit 46 may generate the command value cid1 to reduce the
magnitude of the weakened flux to zero either constantly or
only as needed. When the command value cidl of the
flux-weakening current becomes greater than zero, a nega-
tive flux-weakening current flows through the AC motor 15,
thus generating a weakened flux.

The current control unit 43 generates a command value
cvdl based on the difference between the command value
cidl generated by the flux control unit 46 and the current
measured value id1 calculated by the second coordinate
transformer 45. The command value cvdl is a command
value that specifies the magnitude of a d-axis voltage of the
AC motor 15. The current control unit 43 determines the
command value cvdl to reduce the difference (deviation)
between the command value cidl and the current measured
value id1.

In addition, the current control unit 43 also generates a
command value cvql based on the difference between the
command value ciql generated by the velocity control unit
42 and the current measured value iql calculated by the
second coordinate transformer 45. The command value cvql
is a command value that specifies the magnitude of a g-axis
voltage of the AC motor 15. The current control unit 43
generates the command value cvql to reduce the difference
(deviation) between the command value ciql and the current
measured value iql.

FIG. 3 is a block diagram representing, by a transfer
function, the respective configurations of the velocity con-
trol unit 42 and the current control unit 43. In FIG. 3, K,
represents a proportional gain, K, represents an integral gain,
and e represents a deviation that has been input. In the
velocity control unit 42, the deviation is the difference
between the command value cwl and the angular velocity
wl. In the current control unit 43, the deviation is the
difference between the command value cidl and the current
measured value idl when the command value cvdl is
generated and the difference between the command value
ciql and the current measured value iql when the command
value cvql is generated. In FIG. 3, u represents the manipu-
lative variable. In the velocity control unit 42, u is a

5

10

15

20

25

30

35

40

45

50

55

60

8

manipulative variable corresponding to the command value
ciql. In the current control unit 43, u is a manipulative
variable corresponding to either the command value cvdl or
the command value cvql. The manipulative variable in an s
region is given by u=(K+K/s)e.

The parameter specifying unit 41 specifies the propor-
tional gain and integral gain of the velocity control unit 42.
The parameter specifying unit 41 makes at least one of the
proportional gain or integral gain of the velocity control unit
42 different between the preceding period before the impact
detecting unit 49 detects that the impact mechanism 17 has
started the impact operation and the following period after
the impact detecting unit 49 has detected that the impact
mechanism 17 has started the impact operation. For
example, the parameter specifying unit 41 may set the
proportional gain of the velocity control unit 42 in the
preceding period at a first proportional gain and the propor-
tional gain of the velocity control unit 42 in the following
period at a second proportional gain. The second propor-
tional gain is smaller than the first proportional gain. That is
to say, the parameter specifying unit 41 makes the propor-
tional gain in the following period smaller than the propor-
tional gain in the preceding period. In addition, the param-
eter specifying unit 41 may set the integral gain of the
velocity control unit 42 in the preceding period at a first
integral gain and the integral gain of the velocity control unit
42 in the following period at a second integral gain. The
second integral gain is smaller than the first integral gain.
That is to say, the parameter specifying unit 41 makes the
integral gain in the following period smaller than the integral
gain in the preceding period. The second integral gain may
be one-tenth of the first integral gain, for example.

The parameter specifying unit 41 may change the target
parameters (namely, the proportional gain and the integral
gain) at the beginning of the following period, for example.
The parameter specifying unit 41 keeps the proportional
gain and integral gain of the velocity control unit 42
unchanged, once the proportional gain and integral gain of
the velocity control unit 42 in the preceding period have
been changed during the following period, from a point in
time of the change through a point in time when the AC
motor 15 stops running. That is to say, once the proportional
gain of the velocity control unit 42 has become equal to the
second proportional gain, the proportional gain of the veloc-
ity control unit 42 will be maintained at the second propor-
tional gain until the user reduces the manipulative variable
of the trigger volume 29 to zero to stop the AC motor 15. In
addition, once the integral gain of the velocity control unit
42 has become equal to the second integral gain, the integral
gain of the velocity control unit 42 will be maintained at the
second integral gain until the user reduces the manipulative
variable of the trigger volume 29 to zero to stop the AC
motor 15.

Also, the parameter specifying unit 41 specifies the upper
and lower limit values of the velocity of the AC motor 15.
The command value of the velocity is limited to a value
between the upper limit value and the lower limit value. In
this embodiment, the command value cwl of the angular
velocity of the AC motor 15 is controlled, so that the
command value of the velocity of the AC motor 15 is
controlled eventually. That is to say, the parameter specify-
ing unit 41 specifies the upper and lower limit values of the
command value cw1 of the angular velocity of the AC motor
15.

The parameter specifying unit 41 makes the upper limit
value of the command value cw1 of the angular velocity in
the preceding period smaller than the upper limit value of the
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command value col of the angular velocity in the following
period. The parameter specifying unit 41 may set the upper
limit value of the command value cwl of the angular
velocity in the preceding period at NA1x2m/60 [rad/s]
(where NA1 is a value falling within the range from approxi-
mately 10000 to 20000), for example. The parameter speci-
fying unit 41 may set the upper limit value of the command
value cw1 of the angular velocity in the following period at
NA2x27/60 [rad/s] (where NA2<NA1 and NA2 is a value
falling within the range from approximately 10000 to
20000), for example. In other words, the parameter speci-
fying unit 41 sets the upper limit value of the command
value of the number of revolutions of the AC motor 15 (i.e.,
the number of revolutions of the output shaft 16) in the
preceding period at NA1 [rpm] and sets the upper limit value
of the command value of the number of revolutions in the
following period at NA2 [rpm]. In this embodiment, the
lower limit value of the command value cw1 of the angular
velocity is always fixed at O [rad/s]. That is to say, in the
preceding period, the parameter specifying unit 41 restricts
the command value cwl of the angular velocity to a first
restricted range between the first upper limit value (NA1x
27/60 [rad/s]) and the first lower limit value (0 [rad/s]). On
the other hand, in the following period, the parameter
specifying unit 41 restricts the command value cwl of the
angular velocity to a second restricted range between the
second upper limit value (NA2x2w/60 [rad/s]) and the
second lower limit value (0 [rad/s]). The second restricted
range is different from the first restricted range.

The parameter specifying unit 41 may change the target
parameter (namely, the upper limit value of the command
value cw1 of the angular velocity) at the beginning of the
following period, for example. The parameter specifying
unit 41 keeps the upper limit value of the command value
cwl of the angular velocity unchanged, once the upper limit
value of the command value cwl of the angular velocity in
the preceding period has been changed during the following
period, from a point in time of the change through a point in
time when the AC motor 15 stops running That is to say,
once the upper limit value of the command value cowl of the
angular velocity has become equal to the second upper limit
value, the upper limit value of the command value cwl of
the angular velocity will be maintained at the second upper
limit value until the user reduces the manipulative variable
of the trigger volume 29 to zero to stop the AC motor 15.

The first setting unit 52 and the second setting unit 53
accept a command entered to determine the target param-
eters in the following period (e.g., the proportional gain and
integral gain (second proportional gain and the second
integral gain) of the velocity control unit 42 and the upper
limit value (second upper limit value) of the command value
cwl of the angular velocity in this example).

The first setting unit 52 is a memory for storing, for
example, the second proportional gain, the second integral
gain, and the second upper limit value. More specifically, the
first setting unit 52 may be implemented as, for example, a
read-only memory (ROM), a random-access memory
(RAM), or an electrically erasable programmable read-only
memory (EEPROM). Storing the second proportional gain,
the second integral gain, and the second upper limit value in
the first setting unit 52 during a design stage or manufac-
turing process of the electric power tool 1 allows the second
proportional gain, the second integral gain, and the second
upper limit value to be determined. That is to say, at least
during the design stage or manufacturing process of the
electric power tool 1, the first setting unit 52 accepts a
command entered to determine the target parameters in the
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following period. During the operation of the electric power
tool 1, the parameter specifying unit 41 reads out the second
proportional gain, the second integral gain, and the second
upper limit value from the first setting unit 52.

The second setting unit 53 accepts the user’s command
entered to determine the target parameters in the following
period (e.g., the proportional gain and the integral gain
(second proportional gain and the second integral gain) of
the velocity control unit 42 and the upper limit value (second
upper limit value) of the command value cwl of the angular
velocity) in this example). That is to say, the second setting
unit 53 accepts a command entered to determine the target
parameters in the following period at least after the electric
power tool 1 has been manufactured. The second setting unit
53 is an input interface such as a button, a lever, or a
touchscreen panel display. The user may switch the second
proportional gain from one of at least two values to the other
or another by operating the second setting unit 53. In
addition, the user may also switch the second integral gain
from one of at least two values to the other or another by
operating the second setting unit 53. Furthermore, the user
may switch the second upper limit value from one of at least
two values to the other or another by operating the second
setting unit 53. As used herein, the phrase “accept the user’s
command” means that the second setting unit 53 has at least
the capability of accepting the command entered by the user.
That is to say, the person who actually enters the command
does not have to be the user him- or herself but may also be
somebody else (such as an employee of the manufacturer of
the electric power tool 1).

The first coordinate transformer 44 performs coordinate
transformation on the command values cvdl, cvql based on
the rotational angle 61, measured by the motor rotation
measuring unit 27, of the AC motor 15 to calculate com-
mand values cv, 1, cv 1, cv, 1. Specifically, the first coordi-
nate transformer 44 transforms the command value cvdl for
a magnetic field component (d-axis voltage) and the com-
mand value cvql for a torque component (g-axis voltage)
into command values cv, 1, cv 1, cv 1 corresponding to
voltages in three phases. Specifically, the command value
cv, 1 corresponds to a U-phase voltage, the command value
cv,1 corresponds to a V-phase voltage, and the command
value cv, 1 corresponds to a W-phase voltage.

The inverter circuit section 51 supplies voltages in three
phases, corresponding to the command values cv,1, cv 1,
cv, 1, respectively, to the AC motor 15. The control unit 4
controls the power to be supplied to the AC motor 15 by
performing pulse width modulation (PWM) control on the
inverter circuit section 51.

The AC motor 15 is driven with the power (voltages in
three phases) supplied from the inverter circuit section 51,
thus generating rotational driving force.

As a result, the control unit 4 controls the angular velocity
of the AC motor 15 such that the angular velocity of the AC
motor 15 becomes an angular velocity corresponding to the
command value co1 generated by the parameter specifying
unit 41.

The step-out detection unit 48 detects a step-out (loss of
synchronism) of the AC motor 15 based on the current
measured values id1, iql acquired from the second coordi-
nate transformer 45 and the command values cvdl, cvql
acquired from the current control unit 43. On detecting the
step-out, the step-out detection unit 48 transmits a stop
signal cs1 to the inverter circuit section 51, thus stopping the
supply of power from the inverter circuit section 51 to the
AC motor 15.
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(4) Impact Detection

FIGS. 4-7 show how the respective parameters change
with time when the electric power tool 1 is made to operate.
The specifics of control performed by the control unit 4 on
the AC motor 15 are different from each other in FIGS. 4-7.
In FIGS. 5-7, the “battery current” refers to the output
current of the power supply 32 of the electric power tool 1
and the “battery voltage” refers to the output voltage of the
power supply 32. In FIGS. 4-7, “iq1” represents the current
measured value iql and “id1” represents the current mea-
sured value id1. Also, in FIGS. 4-7, “r1” represents the
number of revolutions of the AC motor 15. In FIGS. 4,6, and
7, shown is the command value ¢N1 of the number of
revolutions of the AC motor 15. As used herein, the com-
mand value cN1 is a value obtained by converting the
command value cw1 of the angular velocity of the AC motor
15 into the number of revolutions. In FIG. 5, the command
value cN1 of the number of revolutions is not shown because
the command value cN1 of the number of revolutions
substantially agrees with the number of revolutions rl.
Although not shown, in FIGS. 4-7, the command value cid1
of the d-axis current (see FIG. 1) is always equal to zero.
Note that FIG. 4 shows an exemplary operation performed
when a wood screw is driven into a member by using the
electric power tool 1. Meanwhile, FIGS. 5-7 show exem-
plary operations performed when a target (which does not
have to be a wood screw) is driven into a member by using
the electric power tool 1.

The impact detecting unit 49 determines whether or not
the impact mechanism 17 is performing any impact opera-
tion. Specifically, the impact detecting unit 49 outputs a
result of detection (as an impact detection signal b1) that the
impact mechanism 17 should be performing an impact
operation when finding the time it takes, since one of the
following first and second conditions has been satisfied, to
satisfy the other of the first and second conditions equal to
or less than a predetermined time. Otherwise, the impact
detecting unit 49 outputs a result of detection that the impact
mechanism 17 should not be performing any impact opera-
tion. Specifically, the first condition is that the absolute value
of the current measured value id1 calculated by the second
coordinate transformer 45 be greater than a predetermined
d-axis threshold value 1dtl (hereinafter simply referred to as
a “threshold value 1dt1” (see FIG. 4)). The second condition
is that the absolute value of the current measured value iql
calculated by the second coordinate transformer 45 be
greater than a predetermined g-axis threshold value Iqtl
(hereinafter simply referred to as a “threshold value Iqt1”
(see FIG. 4)). In other words, the impact detecting unit 49
detects, when finding a time lag between a timing when the
first condition on the current measured value idl of the
d-axis current is satisfied and a timing when the second
condition on the current measured value iql of the g-axis
current is satisfied equal to or less than a predetermined
value, that the impact operation is being performed. That is
to say, in such a situation, the impact detecting unit 49
derives a decision result that the impact mechanism 17
should be performing an impact operation. The threshold
value Idtl and the threshold value Iqtl may be stored in, for
example, a memory of a microcontroller serving as the
control unit 4.

Once the impact mechanism 17 has started the impact
operation, respective pulsating components of the d-axis
current and g-axis current and their corresponding pulsating
components of current measured values idl, iql increase,
compared to their values before the impact operation is
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started. The increase in pulsating components sometimes
makes the absolute value of the current measured value id1
larger than the threshold value Idtl and makes the absolute
value of the current measured value iql larger than the
threshold value Iqtl. Thus, a decision may be made, by
comparing the current measured values idl, iql with the
threshold values Idtl, Iqtl, respectively, whether or not the
impact operation is being performed.

The predetermined time may be about 100 ms, about 50
ms, or about 10 ms, for example. The current measured
values idl, iql are output every predetermined sampling
period. The impact detecting unit 49 determines, by, for
example, counting the number of times the current measured
values id1, iq1 have been output, whether or not the prede-
termined time has passed. For example, the predetermined
time may be equal in length to one sampling period of the
current measured value idl or the current measured value
iql. In a situation where the respective sampling timings of
the current measured values id1, iql are in synch with each
other, the impact detecting unit 49 may detect that an impact
operation is being performed if the first condition and the
second condition are both satisfied at a timing of sampling
the current measured values id1, iql.

As can be seen, the impact detecting unit 49 determines,
based on at least the current measured value id1 of the d-axis
current, whether or not the impact operation is being per-
formed. Also, the impact detecting unit 49 according to this
embodiment determines, based on both the current measured
value id1 of the d-axis current and the current measured
value iql of the g-axis current, whether or not the impact
operation is being performed. More specifically, when find-
ing at least one (e.g., both in this embodiment) of the
absolute value of the current measured value idl of the
d-axis current or the absolute value of the current measured
value iq1 of the g-axis current greater than their correspond-
ing threshold value, the impact detecting unit 49 detects that
an impact operation is being performed. The threshold value
with respect to the absolute value of the current measured
value id1 is the threshold value Idt1 and the threshold value
with respect to the absolute value of the current measured
value iql is the threshold value Iqtl.

A transition from a state where the impact detecting unit
49 detects that no impact operation is being performed to a
state where the impact detecting unit 49 detects that an
impact operation is being performed corresponds to detect-
ing a start of the impact operation. That is to say, the impact
detecting unit 49 detects, based on at least one of the current
measured value id1 of the d-axis current or the current
measured value iql of the g-axis current, that an impact
operation has been started.

It is not until a predetermined masking period Tm1 (see
FIG. 4) passes since the AC motor 15 has started running
(i.e., has started turning) that the impact detecting unit 49
starts determining whether or not the impact mechanism 17
is performing any impact operation. This allows, even if the
current measured value iql of the g-axis current increases
temporarily when the AC motor 15 starts running, an
increase caused by the impact operation in the current
measured value iql to be distinguished from an increase in
the current measured value iq1 when the AC motor 15 starts
running.

In each of FIGS. 4-7, when the user performs the opera-
tion of pulling the trigger volume 29 of the electric power
tool 1 at a point in time T1, the AC motor 15 starts turning.
After that, the number of revolutions rl increases gradually
according to the manipulative variable with respect to the
trigger volume 29. In this case, the manipulative variable
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with respect to the trigger volume 29 is supposed to be
maximum Thus, the number of revolutions rl increases to
the upper limit of an adjustable range. Around a point in time
T2, the impact mechanism 17 starts an impact operation,
which is detected by the impact detecting unit 49. That is to
say, around the point in time T2, the absolute value of the
current measured value id1 exceeds the threshold value 1dtl,
and the absolute value of the current measured value iql
exceeds the threshold value Iqtl substantially simultane-
ously.

When the impact detecting unit 49 detects a start of the
impact operation, the parameter specifying unit 41 changes
the magnitude of the proportional gain of the velocity
control unit 42 from the first proportional gain into the
second proportional gain, thus decreasing the proportional
gain. In addition, in this situation, the parameter specifying
unit 41 changes the magnitude of the integral gain of the
velocity control unit 42 from the first integral gain into the
second integral gain, thus decreasing the integral gain.
Furthermore, in this situation, the parameter specifying unit
41 changes the upper limit value of the command value of
the velocity of the AC motor 15 from the first upper limit
value into the second upper limit value, thus decreasing the
upper limit value. That is to say, the control unit 4 decreases
the number of revolutions rl of the AC motor 15 from the
point in time T2 on as shown in FIGS. 5-7. In the example
shown in FIG. 4, when a predetermined standby time passes
since the impact detecting unit 49 has detected an impact
operation, the parameter specifying unit 41 changes the
proportional gain, the integral gain, and the upper limit value
of the command value of the velocity of the AC motor 15.
FIG. 4 shows the respective parameters of the electric power
tool 1 before the standby time passes. Therefore, the control
unit 4 has not yet performed the control of decreasing the
number of revolutions of the AC motor 15 at any of the
respective points in time shown in FIG. 4.

(5) Exemplary Operation Performed from Start
Through Stop of Rotation

In FIGS. 5-7, the magnitude of the first proportional gain
is the same and greater than zero. In FIG. 5, the magnitude
of the second proportional gain is equal to that of the first
proportional gain. In FIGS. 6 and 7, the magnitude of the
second proportional gain is one-tenth of that of the first
proportional gain.

In FIGS. 5-7, the magnitude of the integral gain (first
integral gain) of the velocity control unit 42 in the preceding
period is supposed to be Kc. Also, in FIGS. 5-7, the upper
limit value (first upper limit value) of the command value of
the angular velocity of the AC motor 15 in the preceding
period is NA1x2m/60 [rad/s]. That is to say, in FIGS. 5-7, the
first integral gain has the same magnitude, and the first upper
limit value is also the same.

Specifically, in FIG. 5, the magnitude of the integral gain
(second integral gain) of the velocity control unit 42 in the
following period is Kc. That is to say, the second integral
gain is equal to the first integral gain. The number of
revolutions rl1 shown in FIG. 5 is the number of revolutions
of the AC motor 15 when the upper limit value (second
upper limit value) of the command value cw1 of the angular
velocity of the AC motor 15 in the following period is
NA2x27/60 [rad/s]. The number of revolutions r2 shown in
FIG. 5 is a reference value of the number of revolutions of
the AC motor 15 in a situation where the first upper limit
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value and the second upper limit value are equal to each
other (i.e., in a situation where the second upper limit value
is NA1x2m/60 [rad/s]).

In FIGS. 6 and 7, the magnitude of the first integral gain
is Kc, whereas the magnitude of the second integral gain is
Kc/10. The number of revolutions rl shown in FIG. 6 is the
number of revolutions of the AC motor 15 in a situation
where the second upper limit value is NA2x27/60 [rad/s].
The number of revolutions rl shown in FIG. 7 is the number
of revolutions of the AC motor 15 in a situation where the
second upper limit value is NA3x27/60 [rad/s] (where
NA2<NA3<NA1 is satisfied).

In each of FIGS. 5-7, when the user performs the opera-
tion of pulling the trigger volume 29 of the electric power
tool 1 at the point in time T1, the AC motor 15 starts turning.
After that, the number of revolutions rl increases gradually
according to the manipulative variable with respect to the
trigger volume 29. In this case, the manipulative variable
with respect to the trigger volume 29 is supposed to be
maximum Thus, the number of revolutions rl increases to
the upper limit of an adjustable range. Around a point in time
T2, the impact mechanism 17 starts an impact operation,
which is detected by the impact detecting unit 49. Thus,
from the point in time T2 on, the command value cow1 of the
angular velocity will be the second upper limit value. That
is to say, from the point in time T2 on, the command value
cN1 of the number of revolutions will be NA2 [rpm] in FIG.
5, the command value cN1 will be NA2 [rpm] in FIG. 6, and
the command value cN1 will be NA3 [rpm] in FIG. 7. When
the user reduces the manipulative variable of the trigger
volume 29 to zero at a point in time T3, the AC motor 15
stops running.

During the design stage of the electric power tool 1, the
second proportional gain, the second integral gain, and the
second upper limit value are determined to stabilize both the
number of revolutions rl and the g-axis current since the
impact operation has been started. FIGS. 5-7 show the
results of trials that were carried out during the design stage
of the electric power tool 1. For example, in FIG. 5, the
number of revolutions rl has relatively insignificant pulsa-
tion and tends to be rather stable, while the current measured
value iql of the g-axis current has relatively significant
pulsation and tends to be rather unstable. In FIG. 6, the
number of revolutions rl has relatively significant pulsation
and tends to be rather unstable, while the current measured
value iql has relatively insignificant pulsation and tends to
be rather stable. In FIG. 7, both the number of revolutions
rl and the current measured value iql have relatively
insignificant pulsation and tend to be rather stable. Thus,
during the design stage of the electric power tool 1, the
magnitude of the second proportional gain is determined to
be one-tenth of that of the first proportional gain, the
magnitude of the second integral gain is determined to be
Kc/10, and the second upper limit value is determined to be
NA3x27/60 [rad/s] based on the result of the trials (e.g., as
in FIG. 7).

In the electric power tool 1 according to the exemplary
embodiment described above, the control unit 4 changes the
control gain in the following period from the control gain in
the preceding period. More specifically, at the transition
from the preceding period to the following period, the
control unit 4 changes at least one of a proportional gain or
an integral gain as the control gain. This allows controlling
the AC motor 15 more precisely, compared to a situation
where the control gain in the preceding period is equal to the
control gain in the following period. In addition, the control
unit 4 changes the upper limit value of the command value
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cwl (velocity command value) of the angular velocity in the
following period from the upper limit value of the command
value cw1 of the angular velocity in the preceding period.
More specifically, the control unit 4 changes the upper limit
value from the first upper limit value into the second upper
limit value. This allows controlling the AC motor 15 even
more precisely. For example, determining, during the design
stage of the electric power tool 1, the second proportional
gain, the second integral gain, and the second upper limit
value according to the specification of the impact mecha-
nism 17 contributes to stabilizing the number of revolutions
and g-axis current of the AC motor 15 after an impact
operation has been started, thus allowing the magnitude of
the impacting force to be stabilized as well. In addition,
stabilizing the magnitude of the impacting force allows
lightening the burden placed on the impact mechanism 17 as
well. Typically, making the second proportional gain smaller
than the first proportional gain, making the second integral
gain smaller than the first integral gain, and making the
second upper limit value smaller than the first upper limit
value contribute to stabilizing the number of revolutions and
g-axis current of the AC motor 15. Also, typically, changing
the proportional gain among various control gains will
stabilize the magnitude of the impacting force more effec-
tively than changing the integral gain.

Furthermore, making the control gain in the following
period smaller than the control gain in the preceding period
allows circuit components of the control unit 4 to have a
relatively small current capacity.

Moreover, lowering the control gain and the upper limit
value of the velocity of the AC motor 15 in the following
period may also reduce the chances of applying excessive
force to the impact mechanism 17.

Furthermore, determining the second proportional gain,
the second integral gain, and the second upper limit value
according to, for example, the type, weight, and size of the
tip tool and the type of the load as a workpiece allows the
number of revolutions and g-axis current of the AC motor 15
to be stabilized after an impact operation has been started.
Examples of types of loads include wood screws and bolts.
The user may switch the second proportional gain, the
second integral gain, and the second upper limit value
according to, for example, the type, weight, and size of the
tip tool and the type of the load by operating the second
setting unit 53.

In addition, the impact detecting unit 49 according to this
embodiment determines, based on at least one of the current
measured value idl or the current measured value iql,
whether or not the impact operation is being performed.
Thus, there is no need for the electric power tool 1 to
measure the output current (battery current) of the power
supply 32, for example, in order to determine whether or not
the impact operation is being performed. In particular, the
electric power tool 1 according to this embodiment adopts
vector control of controlling, based on the current measured
values id1, iql of the d-axis current and the g-axis current,
the number of revolutions of the AC motor 15 and the
current supplied to the AC motor 15. The vector control
allows controlling the AC motor 15 even without measuring
the output current of the power supply 32. Thus, the electric
power tool 1 according to this embodiment achieves the
advantage of enabling controlling the AC motor 15 and
determining whether or not the impact operation is being
performed even without being provided with a circuit for
measuring the output current of the power supply 32. This
contributes to reducing the areas and sizes of circuits pro-
vided for the electric power tool 1 and cutting down the cost
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of'the circuits required. Nevertheless, the electric power tool
1 may include a circuit for measuring the output current of
the power supply 32 as an optional constituent element.
Also, the impact detecting unit 49 may also determine, based
on the output current of the power supply 32, whether or not
the impact operation is being performed.

Furthermore, making the impact detecting unit 49 deter-
mine, based on at least one of the current measured value idl
or the current measured value iql, whether or not the impact
operation is being performed may increase the detection
accuracy, compared to determining, based on the output
current (namely, a U-phase current, a V-phase current, or a
W-phase current) of the inverter circuit section 51, whether
or not the impact operation is being performed. FIGS. 8A
and 8B show exemplary measured values of the output
current of the inverter circuit section 51. Suppose a situation
where the impact operation is detected by the impact detect-
ing unit 49 when the measured value of the output current of
the inverter circuit section 51 is greater than a predetermined
threshold value Thi.

In FIG. 8A, actually, the impact mechanism 17 starts the
impact operation at a point in time T10, and therefore, a
pulsation component is superposed on the measured value.
Nevertheless, the point in time T10 is not in the vicinity of
a peak point of the waveform. Thus, even if the pulsation
component is superposed on the measured value, the mea-
sured value is still less than the threshold value Thl and the
impact operation is not detected at this time. At a point in
time T11, a pulsation component is superposed on the
measured value in the vicinity of a peak point of the
waveform, thus making the measured value greater than the
threshold value Thl. As a result, the impact operation is
detected. That is to say, the impact operation is detected at
the point in time T11, which is later than the point in time
T10 that is the starting point of the impact operation.

In FIG. 8B, actually, the impact mechanism 17 starts the
impact operation at a point in time T13, and therefore, a
pulsation component is superposed on the measured value.
However, due to distortion in the waveform of the output
current of the inverter circuit section 51, the measured value
exceeds the threshold value Th1, and the impact operation is
detected, at a point in time T12 prior to the point in time T13.
Meanwhile, the point in time T13 is not in the vicinity of a
peak point of the waveform. Thus, even if the pulsation
component is superposed on the measured value, the mea-
sured value is still less than the threshold value Thl and the
impact operation is not detected at this time.

That is to say, according to the method of determining,
based on the output current of the inverter circuit section 51,
whether or not the impact operation is being performed,
unless the pulsation component is superposed in the vicinity
of a peak point of the waveform, the decision made about
whether or not the impact operation is being performed may
be mistaken. On the other hand, determining, based on at
least one of the current measured value idl or the current
measured value iql, whether or not the impact operation is
being performed as is done in this embodiment may increase
the chances of accurately determining whether or not the
impact operation is being performed. That is to say, the
detection accuracy of the pulsation components of the d-axis
current and the g-axis current is sometimes higher than the
detection accuracy of the pulsation component of the output
current of the inverter circuit section 51. Thus, the electric
power tool 1 according to this embodiment may more
accurately determine whether or not the impact operation is
being performed.
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First Variation of Exemplary Embodiment

Next, a first variation of the exemplary embodiment will
be described with reference to FIGS. 4 and 9. Note that FIG.
9 shows an exemplary operation to be performed in a
situation where a bolt is driven into a member by using the
electric power tool 1.

An impact detecting unit 49 according to the first varia-
tion detects the impact operation when finding the magni-
tude(s) of the AC component(s) of at least one (e.g., both in
this variation) of the current measured value id1 of the d-axis
current or the current measured value iql of the g-axis
current greater than their corresponding threshold value. In
this variation, the impact detecting unit 49 estimates the
magnitude of the AC component by the effective value of the
AC component. The AC components of the current mea-
sured values id1, iql have a frequency equal to or higher
than the number of revolutions of the output shaft 21 of the
electric power tool 1. As in the exemplary embodiment
described above, it is not until the masking period Tm1l
passes since the AC motor 15 has started running that the
impact detecting unit 49 starts determining whether or not
the impact mechanism 17 is performing any impact opera-
tion.

FIGS. 4 and 9 show the effective value Ed1 of the AC
component of the current measured value idl and the
effective value Eql of the AC component of the current
measured value iql. Once the impact mechanism 17 has
started the impact operation, the effective values Ed1, Eql of
the AC components may increase, compared to the values
before the impact operation is started. Thus, a decision about
whether or not the impact operation is being performed may
be made by comparing the effective value Edl with a
corresponding threshold value thereof and comparing the
effective value Eql with a corresponding threshold value
thereof.

Specifically, the impact detecting unit 49 obtains the
effective values Ed1, Eql by making the following calcu-
lation:

Ed1,Eq1=VRMS?-AVG?

Each of the current measured values id1, iql may include a
DC component and an AC component. “RMS” is an effec-
tive value of the current measured value id1, iq1 during their
predetermined period and “AVG” is the average of the
current measured value id1, iql during their predetermined
period.

Specifically, the effective value Ed1 of the AC component
of the current measured value idl may be obtained by
subtracting the mean square of the current measured value
id1 of the d-axis current from the square of the effective
value of the current measured value id1 of the d-axis current
and then calculating the root of their difference. Likewise,
the effective value Eql of the AC component of the current
measured value iql may be obtained by subtracting the
mean square of the current measured value iql of the g-axis
current from the square of the effective value of the current
measured value iql of the g-axis current and then calculating
the root of their difference.

The impact detecting unit 49 determines, based on the
effective values Ed1, Eql thus obtained, whether or not the
impact mechanism 17 is performing any impact operation.
That is to say, the impact detecting unit 49 outputs a result
of detection that the impact mechanism 17 should be per-
forming an impact operation when finding the time it takes,
since one of the following two conditions has been satisfied,
to satisfy the other condition equal to or less than a prede-
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termined time. Specifically, one of the two conditions is that
the effective value Ed1 be greater than the first threshold
value. The other of the two conditions is that the effective
value Eql be greater than the second threshold value. In
FIGS. 4 and 9, the impact mechanism 17 starts the impact
operation in the vicinity of the point in time T2, for example,
which is detected by the impact detecting unit 49.

Optionally, a filter circuit including a high-pass filter may
be provided for the control unit 4 and the current measured
values id1, iql may be passed through the filter circuit to
acquire the effective values Ed1, Eql of their AC compo-
nents.

As can be seen from the foregoing description, the impact
detecting unit 49 according to this variation determines, by
monitoring the magnitudes of the effective values Ed1, Eql,
whether or not the impact operation is being performed.
Thus, according to this first variation, even if the magnitude
of'the DC component of the current measured value id1, iql
either does not increase, or increases relatively insignifi-
cantly, at the start of the impact operation, the decision may
also be made about whether or not the impact operation is
being performed.

Optionally, according to this first variation, the impact
detecting unit 49 may estimate the magnitude of the AC
component by the amplitude of the AC component. That is
to say, the impact detecting unit 49 may compare, instead of
the effective value Ed1, Eql, at least one of the amplitude of
the AC component of the current measured value id1 or the
amplitude of the AC component of the current measured
value iql with their corresponding threshold value. More
specifically, the impact detecting unit 49 may detect the
impact operation when finding at least one of the amplitude
of the AC component of the current measured value idl of
the d-axis current or the amplitude of the AC component of
the current measured value iql of the g-axis current greater
than their corresponding threshold value.

Second Variation of Exemplary Embodiment

Next, a second variation of the exemplary embodiment
will be described.

An impact detecting unit 49 according to this second
variation weights a first decision result about the current
measured value idl of the d-axis current and a second
decision result about the current measured value iql of the
g-axis current to mutually different degrees, and determines,
based on the first and second decision results thus weighted
to mutually different degrees, whether or not the impact
operation is being performed. Nevertheless, as in the exem-
plary embodiment described above, it is not until a masking
period Tm1 passes since the AC motor 15 has started
running that the impact detecting unit 49 starts determining
whether or not the impact mechanism 17 is performing any
impact operation.

The first decision result may be, for example, a result of
comparison between the current measured value id1 and the
threshold value Idtl. The second decision result may be, for
example, a result of comparison between the current mea-
sured value iql and the threshold value Iqtl. The impact
detecting unit 49 may weight the first decision result more
heavily than the second decision result, for example.

In a specific example, if the absolute value of the current
measured value id1 is greater than the threshold value Idtl,
then the impact detecting unit 49 detects, irrespective of the
magnitude of the current measured value iql, that an impact
operation is being performed. That is to say, the impact
detecting unit 49 regards the decision result that the absolute



US 12,083,652 B2

19

value of the current measured value id1l is greater than the
threshold value Idtl as being more important than the
decision result about the current measured value iql. Thus,
if the decision result that the absolute value of the current
measured value id1 is greater than the threshold value Idt1
has been derived, a decision is made as a final one, irre-
spective of the magnitude of the current measured value iql,
that an impact operation should be being performed.

On the other hand, in a situation where the absolute value
of the current measured value id1 is equal to or less than the
threshold value Idt1, the impact detecting unit 49 detects that
an impact operation is being performed when finding the
absolute value of the current measured value id1 greater than
a predetermined threshold value and the absolute value of
the current measured value iql greater than the threshold
value Iqtl. The predetermined threshold value is smaller
than the threshold value Idtl.

Alternatively, the impact detecting unit 49 may weight the
second decision result more heavily than the first decision
result. The ratio of the weight of the first decision result to
the weight of the second decision result may be determined,
for example, during the design stage of the electric power
tool 1. The more significantly the magnitude of the d-axis
current changes before and after the impact operation, the
more heavily the first decision result may be weighted. In the
same way, the more significantly the magnitude of the q-axis
current changes before and after the impact operation, the
more heavily the second decision result may be weighted.
Furthermore, the less significant the variation in the average
of the current measured value id1 is, the more heavily the
first decision result may be weighted. Likewise, the less
significant the variation in the average of the current mea-
sured value iql is, the more heavily the second decision
result may be weighted.

Third Variation of Exemplary Embodiment

Next, a third variation of the exemplary embodiment will
be described.

An impact detecting unit 49 according to this third
variation determines, based on the waveform of at least one
of the current measured value id1 of the d-axis current or the
current measured value iql of the g-axis current, whether or
not the impact operation is being performed. More specifi-
cally, the impact detecting unit 49 compares the current
measured value idl with a model waveform of the d-axis
current and also compares the current measured value iql
with a model waveform of the q-axis current. The impact
detecting unit 49 detects, when finding at least one of the
degree of matching between the current measured value id1
and its model waveform or the degree of matching between
the current measured value iql and its model waveform
equal to or greater than a predetermined value, that an
impact operation is being performed.

The model waveform of the d-axis current and the model
waveform of the g-axis current may each be, for example, a
waveform pattern in a period including at least one of a
period just before an impact operation is started and a period
right after the impact operation has been performed. That is
to say, the impact detecting unit 49 determines, by detecting
the feature quantity of the waveform of the current measured
value id1, iql in at least one of the period just before an
impact operation and the period right after the impact
operation through comparison with the model waveform,
whether or not the impact operation is being performed. The
model waveform of the d-axis current and the model wave-
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form of the g-axis current are stored in advance in, for
example, a memory of a microcontroller serving as the
control unit 4.

Optionally, the impact detecting unit 49 may determine,
by changing the model waveforms to use according to a
parameter such as the magnitude of a torque applied to the
AC motor 15 or the number of revolutions of the AC motor
15, whether or not the impact operation is being performed.

Fourth Variation of Exemplary Embodiment

Next, a fourth variation of the exemplary embodiment
will be described.

An impact detecting unit 49 according to this fourth
variation detects, when finding that a condition on at least
one of the current measured value id1 of the d-axis current
or the current measured value iql of the g-axis current is
satisfied a predetermined number of times or more, that an
impact operation is being performed. That is to say, each of
the current measured value idl and the current measured
value iql is output every predetermined sampling period.
Thus, every time the current measured value idl, iql is
output, the impact detecting unit 49 determines whether or
not the current measured value idl and/or the current
measured value iql satisfies the above-described condition.
When the number of times the condition is satisfied reaches
a predetermined count or more, the impact detecting unit 49
detects that an impact operation is being performed. Note
that when the AC motor 15 stops running, the count is reset
(to zero again).

The condition may be, for example, that the first condition
and the second condition described for the exemplary
embodiment be satisfied. The first condition is that the
absolute value of the current measured value id1 be greater
than the threshold value Idt1. The second condition is that
the absolute value of the current measured value iql be
greater than the threshold value Iqtl.

Nevertheless, as in the exemplary embodiment described
above, it is not until a masking period Tm1 passes since the
AC motor 15 has started running that the impact detecting
unit 49 starts determining whether or not the impact mecha-
nism 17 is performing any impact operation.

Optionally, the impact detecting unit 49 may detect, when
finding the condition satisfied at least the predetermined
number of times within a prescribed period, that an impact
operation is being performed. For example, the impact
detecting unit 49 may reset the count indicating the number
of times the condition is satisfied, every time a certain time
passes.

Fifth Variation of Exemplary Embodiment

Next, a fifth variation of the exemplary embodiment will
be described.

An impact detecting unit 49 according to this fifth varia-
tion detects, when finding that a condition on at least one of
the current measured value idl of the d-axis current or the
current measured value iql of the g-axis current is satisfied
for a prescribed time or more, that an impact operation is
being performed. The condition may be, for example, that
the first condition and the second condition described for the
exemplary embodiment be satisfied.

Nevertheless, as in the exemplary embodiment described
above, it is not until a masking period Tm1 passes since the
AC motor 15 has started running that the impact detecting
unit 49 starts determining whether or not the impact mecha-
nism 17 is performing any impact operation.
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The impact detecting unit 49 detects, when finding that
the condition is satisfied continuously for a prescribed time,
for example, that the impact operation is being performed.
As used herein, the phrase “satisfied continuously” means
that the length of the time it takes, since the condition has
been satisfied once at a certain point in time, for the same
condition to be satisfied next time is equal to or less than a
predetermined threshold value. That is to say, the phrase
“satisfied continuously” covers not only a situation where
the condition is always kept satisfied but also a situation
where the condition is not satisfied just temporarily.

Alternatively, the impact detecting unit 49 may detect,
when finding that the condition is satisfied intermittently so
that the sum of the periods for which the condition is
satisfied amounts to the prescribed time, that an impact
operation is being performed.

Other Variations of Exemplary Embodiment

Next, other variations of the exemplary embodiment will
be enumerated one after another. Optionally, two or more of
the variations to be described below may be adopted in
combination as appropriate. Also, any of the variations to be
described below may be adopted as appropriate in combi-
nation with at least one of the first to fifth variations
described above.

The parameter specifying unit 41 does not have to change
the command value cwl indirectly by changing either the
upper limit value or the lower limit value of the command
value cw1 of the angular velocity when a transition is made
from the preceding period to the following period. Alterna-
tively, the parameter specifying unit 41 may also change the
command value cw1 directly.

The parameter specifying unit 41 does not have to change
the control gain of the velocity control unit 42 when a
transition is made from the preceding period to the following
period. Alternatively, the parameter specifying unit 41 may
also change the control gain of the current control unit 43.
Still alternatively, the parameter specifying unit 41 may also
change both the control gain of the velocity control unit 42
and the control gain of the current control unit 43 when a
transition is made from the preceding period to the following
period. For example, the parameter specifying unit 41 may
make the control gain of the current control unit 43 in the
following period smaller than the control gain of the current
control unit 43 in the preceding period.

The control unit 4 may change, when a predetermined
time passes since the impact detecting unit 49 has detected
that the impact mechanism 17 has started the impact opera-
tion, the target parameters (namely, the control gain and the
upper limit value of the command value cw1 of the angular
velocity).

The control unit 4 may change, when the impact detecting
unit 49 detects, during the following period, that the impact
mechanism 17 has finished the impact operation, the target
parameters (namely, the control gain and the upper limit
value of the command value cwl of the angular velocity)
into the values in the preceding period again. Alternatively,
at this time, the control unit 4 may also change the target
parameters into values different from the values in the
preceding period and the values in the following period.

The function of accepting a command entered to deter-
mine the target parameters in the following period does not
have to be distributed in the first setting unit 52 and the
second setting unit 53. Alternatively, the function may be
aggregated in either the first setting unit 52 or the second
setting unit 53.
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The electric power tool 1 may be configured to use, as the
power supply 32, any one of multiple types of batteries. This
allows the user to change the second proportional gain, the
second integral gain, and the second upper limit value
according to the type of the battery by operating the second
setting unit 53. That is to say, changing the second propor-
tional gain, the second integral gain, and the second upper
limit value according to the specification of the battery, for
example, allows the impact operation to be stabilized, no
matter which of those multiple types of batteries is used.

The threshold value (such as the threshold value 1dtl,
Iqt1) for use to determine whether or not the impact mecha-
nism 17 is performing any impact operation may vary
according to at least one of the time that has elapsed since
the AC motor 15 has started turning, the current measured
value id1, or the current measured value iql. For example,
the threshold value may vary according to the average of the
current measured value id1 or the average of the current
measured value iql.

Alternatively, the threshold value may vary according to
the magnitude of the difference between the current mea-
sured value id1 and the command value cidl or the magni-
tude of the difference between the current measured value
iq1 and the command value ciql. For example, the threshold
value Idt1 may be obtained by adding a certain value to the
command value cidl. Likewise, the threshold value Iqtl
may be obtained by adding a certain value to the command
value ciql.

The impact detecting unit 49 may determine, based on
either the current measured value idl or the current mea-
sured value iql alone, whether or not the impact operation
is being performed. Using only the current measured value
id1 facilitates making the decision about whether or not the
impact operation is being performed in a situation where the
average of the current measured value idl is stabilized and
in a situation where the current measured value id1 changes
significantly before and after the impact operation is started.
Using only the current measured value iql facilitates making
the decision about whether or not the impact operation is
being performed in a situation where the average of the
current measured value iql is stabilized and in a situation
where the current measured value iql changes significantly
before and after the impact operation is started. Furthermore,
determining, based on both the current measured value idl
and the current measured value iql, whether or not the
impact operation is being performed as is done in the
embodiment described above may reduce the chances of
detecting, by mistake, that an impact operation is being
performed, even though no impact operation is actually
being performed.

The impact detecting unit 49 according to the exemplary
embodiment described above detects, when finding the time
lag between a timing when the first condition on the current
measured value id1 of the d-axis current is satisfied and a
timing when the second condition on the current measured
value iql of the g-axis current is satisfied equal to or less
than a predetermined time, that an impact operation is being
performed. Alternatively, regardless of the time lag between
these two timings, the impact detecting unit 49 may detect,
when finding the first and second conditions satisfied, that an
impact operation is being performed. This reduces the
chances of the impact detecting unit 49 continuing to output
a wrong detection result that no impact operation is being
performed, even though an impact operation is actually
being performed.

Optionally, the impact detecting unit 49 may determine,
by using, in combination, two or more of the means for
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determining whether or not an impact operation is being
performed as described in the exemplary embodiment and
its variations, whether or not the impact operation is being
performed.

Recapitulation

The embodiment and its variations described above may
be specific implementations of the following aspects of the
present disclosure.

An electric power tool 1 according to a first aspect
includes an electric motor (AC motor 15), an impact mecha-
nism 17, an impact detecting unit 49, and a measuring unit
60. The impact mechanism 17 performs an impact operation
that generates impacting force by receiving motive power
from the electric motor. The impact detecting unit 49 deter-
mines whether or not the impact operation is being per-
formed. The measuring unit 60 measures at least one of a
d-axis current or a g-axis current, each of which is supplied
to the electric motor. The impact detecting unit 49 deter-
mines, based on at least one of a measured value (current
measured value idl) of the d-axis current or a measured
value (current measured value iql) of the g-axis current,
whether or not the impact operation is being performed. The
measured value (current measured value idl) of the d-axis
current and the measured value (current measured value iql)
of the g-axis current have been obtained by the measuring
unit 60.

This configuration may provide a novel means for deter-
mining whether or not the impact mechanism 17 is perform-
ing any impact operation.

In an electric power tool 1 according to a second aspect,
which may be implemented in conjunction with the first
aspect, the impact detecting unit 49 detects, based on at least
one of the measured value (current measured value id1) of
the d-axis current or the measured value (current measured
value iql) of the g-axis current, that the impact operation has
been started.

This configuration allows the electric power tool 1 to
control the electric motor (AC motor 15) adaptively to the
start of the impact operation.

An electric power tool 1 according to a third aspect, which
may be implemented in conjunction with the second aspect,
further includes a control unit 4. The control unit 4 includes
the impact detecting unit 49. The control unit 4 performs
feedback control on operation of the electric motor (AC
motor 15). The control unit 4 changes, when the impact
detecting unit 49 detects that the impact operation has been
started, a control gain of the feedback control.

This configuration allows the electric motor (AC motor
15) to be controlled more precisely than in a situation where
the control gain does not change at the start of the impact
operation.

In an electric power tool 1 according to a fourth aspect,
which may be implemented in conjunction with any one of
the first to third aspects, the impact detecting unit 49
determines, based on the measured value (current measured
value id1) of the d-axis current, whether or not the impact
operation is being performed.

This configuration facilitates, when the current measured
value id1 of the d-axis current varies significantly before and
after the start of the impact operation, determining whether
or not the impact operation is being performed.

In an electric power tool 1 according to a fifth aspect,
which may be implemented in conjunction with the fourth
aspect, the impact detecting unit 49 determines, based on
both the measured value (current measured value id1) of the
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d-axis current and the measured value (current measured
value iql) of the g-axis current, whether or not the impact
operation is being performed.

This configuration reduces the chances of detecting the
impact operation erroneously in, for example, a situation
where no impact operation is actually being performed.

In an electric power tool 1 according to a sixth aspect,
which may be implemented in conjunction with the fifth
aspect, the impact detecting unit 49 weights a first decision
result about the measured value (current measured value
id1) of the d-axis current and a second decision result about
the measured value (current measured value iql) of the
g-axis current to mutually different degrees and determines,
based on the first decision result and the second decision
result that have been weighted, whether or not the impact
operation is being performed.

This configuration contributes to more accurately deter-
mining whether or not the impact operation is being per-
formed.

In an electric power tool 1 according to a seventh aspect,
which may be implemented in conjunction with the fifth
aspect, the impact detecting unit 49 detects, when finding a
time lag between a timing when a condition on the measured
value (current measured value id1) of the d-axis current is
satisfied and a timing when a condition on the measured
value (current measured value iql) of the g-axis current is
satisfied equal to or less than a predetermined time, that the
impact operation is being performed.

This configuration contributes to more accurately deter-
mining whether or not the impact operation is being per-
formed.

In an electric power tool 1 according to an eighth aspect,
which may be implemented in conjunction with any one of
the first to seventh aspects, the impact detecting unit 49
detects, when finding at least one of an absolute value of the
measured value (current measured value idl) of the d-axis
current or an absolute value of the measured value (current
measured value iql) of the g-axis current greater than a
corresponding threshold value (threshold value Idt1, Iqtl),
that the impact operation is being performed.

This configuration allows determining, by simple process-
ing, whether or not the impact operation is being performed.

In an electric power tool 1 according to a ninth aspect,
which may be implemented in conjunction with any one of
the first to seventh aspects, the impact detecting unit 49
detects, when finding magnitude of an AC component of at
least one of the measured value (current measured value id1)
of the d-axis current or the measured value (current mea-
sured value iql) of the q-axis current greater than a corre-
sponding threshold value, that the impact operation is being
performed.

This configuration still allows, even if the magnitude of a
DC component of the current measured value id1, iq1 either
does not increase or increases relatively insignificantly when
the impact operation is started, determining whether or not
the impact operation is being performed.

In an electric power tool 1 according to a tenth aspect,
which may be implemented in conjunction with any one of
the first to seventh aspects, the impact detecting unit 49
determines, based on a waveform of at least one of the
measured value (current measured value idl) of the d-axis
current or the measured value (current measured value iql)
of the g-axis current, whether or not the impact operation is
being performed.

This configuration contributes to more accurately deter-
mining whether or not the impact operation is being per-
formed.
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In an electric power tool 1 according to an eleventh
aspect, which may be implemented in conjunction with any
one of the first to tenth aspects, the impact detecting unit 49
detects, when finding that a condition on at least one of the
measured value (current measured value idl) of the d-axis
current or the measured value (current measured value iql)
of the g-axis current is satisfied a predetermined number of
times, that the impact operation is being performed. The
predetermined number of times is equal to or greater than
two.

This configuration contributes to more accurately deter-
mining whether or not the impact operation is being per-
formed.

In an electric power tool 1 according to a twelfth aspect,
which may be implemented in conjunction with any one of
the first to eleventh aspects, the impact detecting unit 49
detects, when finding that a condition on at least one of the
measured value (current measured value idl) of the d-axis
current or the measured value (current measured value iql)
of the g-axis current is satisfied for a prescribed time or
more, that the impact operation is being performed.

This configuration contributes to more accurately deter-
mining whether or not the impact operation is being per-
formed.

Note that the constituent elements according to all aspects
but the first aspect are inessential to the electric power tool
1 but may be omitted as appropriate.

REFERENCE SIGNS LIST

1 Electric Power Tool

4 Control Unit

15 AC Motor (Electric Motor)

17 Impact Mechanism

49 Impact Detecting Unit

60 Measuring Unit

id1 Current Measured Value (Measured Value)
iql Current Measured Value (Measured Value)
idtl Threshold Value

iqtl Threshold Value

The invention claimed is:

1. An electric power tool comprising:

an electric motor;

an impact mechanism configured to perform an impact
operation that generates impacting force by receiving
motive power from the electric motor;

an impact detecting unit configured to determine whether
or not the impact operation is being performed; and

a measuring unit configured to measure at least one of a
d-axis current or a g-axis current, each of the d-axis
current and the g-axis current being supplied to the
electric motor, wherein:

the impact detecting unit is configured to determine,
based on at least one of a measured value of the d-axis
current or a measured value of the g-axis current,
whether or not the impact operation is being performed,
the measured value of the d-axis current and the
measured value of the g-axis current having been
obtained by the measuring unit,

the impact detecting unit is configured to detect, based on
at least one of the measured value of the d-axis current
or the measured value of the g-axis current, that the
impact operation has been started,

the electric power tool further comprises a control unit
configured to perform feedback control on operation of
the electric motor, and
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the control unit is configured to, when the impact detect-
ing unit detects that the impact operation has been
started, change a control gain of the feedback control.

2. The electric power tool of claim 1, wherein

the impact detecting unit is configured to determine,

based on the measured value of the d-axis current,
whether or not the impact operation is being performed.

3. The electric power tool of claim 2, wherein

the impact detecting unit is configured to determine,

based on both the measured value of the d-axis current
and the measured value of the g-axis current, whether
or not the impact operation is being performed.

4. The electric power tool of claim 3, wherein

the impact detecting unit is configured to weight a first

decision result about the measured value of the d-axis
current and a second decision result about the measured
value of the g-axis current to mutually different degrees
and determine, based on the first decision result and the
second decision result that have been weighted,
whether or not the impact operation is being performed.

5. The electric power tool of claim 3, wherein

the impact detecting unit is configured to, when finding a

time lag between a timing when a condition on the
measured value of the d-axis current is satisfied and a
timing when a condition on the measured value of the
g-axis current is satisfied equal to or less than a
predetermined time, detect that the impact operation is
being performed.

6. The electric power tool of claim 1, wherein

the impact detecting unit is configured to, when finding at

least one of an absolute value of the measured value of
the d-axis current or an absolute value of the measured
value of the g-axis current greater than a corresponding
threshold value, detect that the impact operation is
being performed.

7. The electric power tool of claim 1, wherein

the impact detecting unit is configured to, when finding

magnitude of an AC component of at least one of the
measured value of the d-axis current or the measured
value of the g-axis current greater than a corresponding
threshold value, detect that the impact operation is
being performed.

8. The electric power tool of claim 1, wherein

the impact detecting unit is configured to determine,

based on a waveform of at least one of the measured
value of the d-axis current or the measured value of the
g-axis current, whether or not the impact operation is
being performed.

9. The electric power tool of claim 1, wherein

the impact detecting unit is configured to, when finding

that a condition on at least one of the measured value
of the d-axis current or the measured value of the g-axis
current is satisfied a predetermined number of times,
detect that the impact operation is being performed, the
predetermined number of times being equal to or
greater than two.

10. The electric power tool of claim 9, wherein the
predetermined number of times is twice.

11. The electric power tool of claim 9, wherein the impact
detecting unit is configured to reset a number of times that
the condition is satisfied at a predetermined interval.

12. The electric power tool of claim 1, wherein

the impact detecting unit is configured to, when finding

that a condition on at least one of the measured value
of the d-axis current or the measured value of the g-axis
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current is satisfied for a prescribed time or more, detect
that the impact operation is being performed.
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